A useful application i s presented for the fabrication of fine metallic Mo wires with 4 0 nm width by H2-reduction from MoO3 fine patterns.
Introduction
I n the process of m i crofabr i cation of semiconductor, many organic polymer resist materials have been used for pattern generation. The use of inorganic resist materials has not been extensively studied i n spite of their simple chemical structure, high contrast, and good thermal stability, since their sensitivity is generally lower than that of conventional organic resist materials. However, i n the recent manometer technology, there has been an increasing interest in various inorganic materials. Several inorganic materials with simple structure have been investigated as candidates of the resist materials.
The method of electron-beam( EB) decomposition was first proposed for metal halide systems such as SnCI 2 [ 1 ] and AgCI [ 2 ] , in which the metallic layer was deposited directly on the EBexposed area and the volatile halogen gas was removed. Recently, Langheinrich and Benking reported that L i F film doped with A 1 F 3 can be desorbed by fine EB exposure, resulting i n the J. Photopolym. Sci. Technol., Vol. 7, No.3, 1994 EB exposure [ 5 , 6 ] and ion-beam exposure [ 7 ] . [ 12 ,13 ] , alkali ion-beam [ 14 -16 ] and Ga+ focused-ion-beam ( FIB) [ 17 ,18 ] . These resists have some advantageous features not found i n the conventional organic polymer resists: for example, high resolving power due to no macromo 1 ecu 1 ar structure, high contrast with high 7 values, no swelling i n the wet developing procedure and good thermal stability.
We have made some proposals of their application to the S i micro 1 i thography considering their advantages. They have contained the se l ect i ve masking for impurity diffusion to a S i wafer [ 19 ] , the fabrication of fine metallic Mo and W patterns by H 2 -reduction from Moo 3 and I n order to confirm this consideration , we carried out the experiment of the oxygen-ion exposure to the oxygen-deficient MoO3 films( MoO3 -x films) . First, MoO3 -x films were prepared by the rf -sputtering method under the low Ar pressure( 6.7 Pa) and the high rf power (15 0 W) . Then the film was exposed to O+ ion beam with 2 kev energy by 6 0 mC/ cm 2 through the mesh-like mask with holes 100 u m in diameter. Figure 6 shows that the circular region exposed with oxygen ion is etched away more easily than the unexposed region by immersion in NaOH solution. This shows the pos i t i ve-type resist property i n contrast with the negative-type property i n the case of EB exposure. Table 2 The limiting resolution seems to be determined by the FIB diameter. 
Effect of FIB exposure

Discu,S5ions
The as-deposited amorphous transition- injection of electrons and protons under externally applied voltage [ 2 7 ] . In the present case, i f the films contain water contamination, protons come from the decomposition of water by EB exposure, resulting in the formation of HXWO3 . As previously reported, however, the W03 films colored by the double injection of electrons and protons using electrolytic cell did not show the decrease of solubility in alkaline solution [ 12 ] .
On the other hand, it is well known that the WO3 and MoO3 have several oxygen-deficient phases, which are generally expressed as MnO3 n-1 or MnO3 n-2 ( M: transition metal, n:integer) and refered to Magn li phase [ 2 6 ] . These oxygen-deficient states show dark blue or green color. We The sensitivity and the contrast for the FIB exposure are related to the structural stability of the films. They also depend on the method of the preparation of films. Since the amorphous W03 has the most stable lattice structure with high melting point (14 73 'C ) its structural alteration by FIB exposure is more difficult than the other transition-metal oxides, resulting in the lowest sensitivity as shown in Table 2 . This may be related to the opposite behavior of Dth Vs V curves in Fig.7 . However, the sensitivity of W03 films showed remarkable increase by preparing the films using the EB-evaporation method or preparing the mixture films such as w03 +Mo03 or V2 05 +W03 . The increased sensitivity can be interpreted as a result of an enhancement of the structural instability.
Conclusion
Basic characteristics of the resist properties of the transition-metal oxide films, especially in W03 and MoO3 , have been reviewed in both cases of EB exposure and Ga+ FIB exposure.
Different mechanisms of the effects of exposure are proposed i n both cases. I n the case of EB exposure, exposure-stimulated aesorption of oxygen is a predominant factor for the decrease of the solubility in the etching solution.
In the case of FIB exposure, exposure-stimulated structural change is a predominant factor.
The high contrast with larger values( 3 12 ) was obtained in both cases. The high sensitivity( N 10 -6 C/cm2 ) and the fine delineation of pattern( ~ 6 0 rim) were obtained in the case of Ga+ FIB exposure.
Useful application of the fabrication of fine metallic Mo line pattern with about 40 nm width was carried out by the H 2 reduction method from the Moo 3 fine pattern.
